Historic,  Archive  Document 

i 

Do  not  assume  content  reflects  current 
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GRAIN 
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The  material  in  this  report  consists  largely 
of  unpublished  data  aBd— should  be  kept ■■  confident ia-1* 
It  is  made  available  in  its  present  form  for  the 
convenience  of  the  various  State  and  Federal 
Agencies  concerned  with  the  preservation  of  stored 
grain  from  insect  damage* 
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WHEkT  STORAGE 


Studies  on  the  Fluctuations  of  Insect  populations  in  Wheat 
Stored  under  Different  Systems  of  Management 


The  study  on  the  fluctuations  of  insect  populations  in  wheat 
stored  in  Bver-Normal  granary-type  bins  has  been  continued  during 
the  quarter*  Five-probe  samples  were  taken  at  monthly  intervals 
from  the  upper  southwest  quadrant  of  35  bins  in  the  Management  Series# 
and  the  humber  of  insects  by  species  was  determined  for  each  san^le. 
This  Study  has  been  in  progress  since  May*  1943*  and  the  data  have 
been  included  in  previous  quarterly  reports*  A sumn».ry  of  the  data 
obtained  since  July  1*  1945  is  given  in  table  1*  The  population  in 
the  untreated  11.5  per  cent  wheat  reached  the  highest  level  yet  re- 
corded in  this  study  on  March  2*  1946* 

The  oon5)arative  abundance  of  the  different  species  during  the 
period  January  1 to  March  31  is  given  in  table  2.  It  should  be 
noted  that  most  of  the  insects  occurred  in  the  untreated  control 
bins  of  11.5  per  cent  moisture.  An  extremely  high  infestatic»i  of 
the  red  flour  beetle  has  developed  in  them  during  the  winter  months. 


* --  Reported  by  H.  H.  Walkden*  U.  S*  Department  of  Agriculture* 
Bureau  of  Entomology  and  Plant  Quarantine  in  Cooperation  with  the 
Bureau  of  plant  Industry*  Soils*  and  Engineering. 
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J-iseriW  ni^enox^alt/qc^  ;to9snI  lo  Jiixoi;J-^t/i‘ouI'5  no  3©ifJu:}-8 
^xiofEsgdujaSft  lo  ara©:t2Y3  d^ns^xellid  Tfobxfu  be-ro^t^S 


al  siicxi^Iuqoq  ioetax  lo  aiioi^si/cj-owll  eri;J  no  erlT 

g^i^^ib  bouni^noc  neocf  aarf  3nid  aq\;d’-x*inn«'X3  InmioIl-iavIJ  ni  beioits 
aJ^is^ni  &s  hq^LjsS^  e*X3w  gelqmna  ©doiq-svi'^  ♦'^edusup  arid 

♦ 801193  dnoms^an^M  erfd^  nx  arrxd  35  *io  dnmbnup  d’ao'wrid’t/os  loqqu  ©rfd 
.oXqntaa  liose  lol  boniaaiodeb  aanur  aeioeqa  ;^cf  e^osanx  *io  isdnu/xl  orfd  bn© 
9V^d  Adab  ©fid  bna  »^aM  oonis  aaeigoiq  nl  need  and  ^buda  aldT 

Adnb  erid  lo  yiAranins  A .adioqei  ^'IieitiQup  muolveiq  nl  bebulaat  need 
nl  noidnii/qoq  erfT  eXdnd  ni  nevig  ai  3^6X  «I  sooia  faeninddo 

-ei  d©T^  XdvsX  iaed3id  odd  borionet  dnedw  dneo  leq  d,XX  bodnoidnu  odd 

*8^SX  ♦$  rioinM  no  ^buda  aldd  ni  bebioo 

odd  gniiub  aalooqa  dneiollib  add  lo  eonBbaudii  evxdaifiqnoo  ©dT 

©d  bfuoda  dl  *S  aXdnd  ni  aavig  aX  15  doiaif  od  1 ^inunal*  boliaq 
Xoidaoo  bednoidnu  odd  ni  baiiuooc  adoaani  erfd  lo  daon  dndd  bedon 
io  noiindaelni'  djjid  uA  *eiwdgioin  dneo  laq  3. XX  lo  said 

• addfio.t;  isdniw  add  gniiub  madd  ni  boqoXeveb  and  oXdeod  luoll  bai  add 


tSiuJXuoiijjA  lo  dnaord^Aqaa  .2  *0  ♦aabailnW  .H  *H  ^d  badioqeS  — ♦ 
odd  ddiw  noidmoqooO  ni  oaidnainaP  dnafl  has  irnoina 

• ^niiaanijaZ  bnB  ^aXioE  dnnX^  lo  vBatuS 
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Footnote  (1)  Dangerous  insect  populations  developed  in  these  bins#  necessitating  an  additional 

fumigation* 
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Table  2 •—Comparative  abundance  of  the  species  of  stored  grain  insects 
found  in  the  bins  in  the  management  series^  Hutchinson, 
Kansas#  1946. 


Species 

Per 
<jan»  2 

cent  of 
Feb.  2 

Total 
Mar.  2 

Number 

Observed 

Red  flour  beetle 
(Tribolium  castaneum  Hbst.) 

41.8 

36.8 

55.8 

5966 

Long-headed  flour  beetle 
(Latheticus  oryzae  Waterh. ) 

22,8 

20.7 

17.5 

2536 

Lesser  grain  borer 
(Rhyzopertha  dominica  F*) 

20.6 

24.5 

16.4 

2499 

Flat  grain  beetle 
(Laemophloeus  minutus  Oliv#) 

13.3 

16.1 

9.9 

1583 

Saw-toothed  grain  beetle 
(Oryzaephilus  surinamensis  L.) 

1.4 

1.6 

0.4 

127 

Dermestid  larvae 

0 

0.3 

0.5 

33 
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study  of  the  Amount  of  Damage  Caused  by  Insects  in  Wheat  Stored  in 

Steel  Bins 


This  study  was  begun  in  Junei  1943 ♦ Ss-mples  are  drawn  from  the 
south  quadrant  of  the  bins  once  each  year  during  the  winter  months 
to  determine  the  comparative  amounts  of  insect  damage  in  wheat  stored 
under  different  management  practices#  The  damge  is  computed  on  a 
weight  basis#  and  any  kernel  showing  insect  injury  is  classed  as 
damaged#  regardless  of  the  extent.  Insect  damage  determinations  have 
been  made  in  a total  of  65  bins  since  this  study  was  begun. 

A summary  of  the  data  obtained  from  28  bins  is  presented  in 
table  3.  Other  bins  in  the  management  series  showed  similar  trends# 
It  should  be  borne  in  mind  that  the  damage  recorded  in  the  table  re- 
presents the  maximum  amount  in  the  bin  since  the  samples  were  taken 
in  the  portion  of  the  grain  mass  where  the  greatest  insect  population 
was  known  to  occur#  It  may  be  noted  in  table  3 that  there  has  been  a 
general  increase  in  insect  damage#  with  the  rate  of  increase  being 
greatest  in  those  bins  receiving  no  treatments  Attention  is  called 
to  the  fact  that#  even  though  the  amount  of  insect  damage  was  com- 
paratively slight  even  in  wheat  receiving  no  treatment#  the  presence 
of  large  numbers  of  insects  in  it  caused  the  grain  to  heat#  with  re- 
sultant crusting  and  molding  of  the  surface  grain#  When  samples  are 
drawn  from  bins  in  this  condition#  both  the  musty  odor  of  the  surface 
wheat  and  that  of  the  infested  portion  is  imparted  to  the  whole  sam- 
ple# causing  it  to  be  graded  ® sample  grade^ • Past  experience  has 
shown  that  even  though  only  a small  portion  of  the  wheat  in  a bin  may 
be  musty  or  sour#  the  whole  mass  is  likely  to  be  contaminated  when 
the  bin  is  emptied.  For  this  reason  the  amount  of  indirect  damage  by 
insects  is  much  greater  than  the  amount  of  grain  actually  consumed. 

In  the  last  column  of  table  3#^  the  total  damage  is  indicated.# 

This  figure  represents  the  amount  of  damaged  wheat  in  average  samples 
from  the  various  bins#  as  determined  by  the  Chicago  Board  of  Review# 
and  includes  damage  from  any  cause#  Thus  it  is  evident  that  the 
grain  mass  is  much  less  affected  by  insects  than  that  in  the  south- 
west quadrant. 

The  results  of  the  insect  damage  study  confirm  previous  con- 
clusions regarding  the  various  management  practices#  vis#:  (1)  fumi- 

gation in  August  and  October  prevents  the  establishment  of  serious 
insect  infestation#  thus  keeping  the  amount  of  insect  damage  to  a 
minimum;  (2)  fumigation  in  September  was  successful  in  controlling 
the  infestation  but  permitted  some  damage  to  occur  prior  to  fumigation 
because  of  the  rapid  increase  of  insect  populations  during  August  and 
early  in  September;  (3)  painting  the  bins  white  prevented  damage  for 
two  seasons  but  failed  in  the  third;  (4)  the  greatest  amount  of  damage# 
as  was  expected#  occurred  in  the  uncontrolled  check  bins  of  11 #5  per 
cent  moisture;  (5)  con^iaratively  little  damage  occurred  in  wheat  of  9 
per  cent  moisture. 
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Table  3.— Con^rative  insect  damage  to  wheat  stored  in  steel  bins* 
under  different  management  practices*  Hutchinson*  Kansas* 
1943-1946. 


Location  of  sample 

Sampling  C S SW  W Surf.  Mean  Total  damage* 
Bin  No.  Date Per  cent  damge*  weight  basis  ave.  sample 

1000-bushel  bins 


No  treatment* 

9 per 

cent  moisture 

i/z-z 

Jan. * 1944 

0 

0 

0 

0 

0 

0 

0.6 

Feb.,  1945 

0.1 

0.1 

0.1 

0.1 

0 

0.08 

1.6 

Feb.,  1946 

0.3 

0.4 

1.0 

0.9 

0.5 

0.62 

1.6 

1/2-6 

Jan. , 1944 

0 

0 

0 

0 

0 

0 

1.0 

Feb.*  1945 

0.2 

0.6 

0.3 

0.5 

0 

0.32 

1.0 

Feb.,  1946 

2.1 

0.2 

0.9 

0.9 

1.0 

1.02 

1.4 

No  treatment* 

11.5  per  cent  moisture 

3-10 

June  * 1943 

1.3 

0.6 

0.4 

0.4 

0.2 

0.58 

0.6 

Jan.*  1944 

1.0 

1.4 

0.2 

0.2 

0.1 

0.58 

0.7 

Feb.,  1945 

2.9 

11.7 

6.1 

2.8 

5.8 

5.86 

2.5 

Feb.,  1946 

2.5 

4.5 

5.3 

0.9 

5.7 

3.78 

5.0 

3-11 

June*  1943 

0.3 

0.2 

0.3 

0.2 

0 

0.20 

0.6 

Jan. , 1944 

0.3 

0.2 

0.2 

0.2 

0.2 

0.22 

0.5 

Feb.,  1945 

3.9 

8.8 

4.3 

2.5 

2.9 

4.48 

2.0 

Feb.,  1946 

10.3 

9.8 

19.8 

23.0 

6.1 

13.80 

3.0 

T/?hite  walls  and  roof 

1/2-2 

June,  1943 

0.1 

0.2 

0.1 

0.1 

0.1 

0.12 

0.7 

Jan.,  1944 

0.1 

0.1 

0 

0 

0 

0.04 

1.0 

Feb.,  1945 

1.4 

4.1 

7.9 

4.2 

10.9 

5.70 

0.9 

Feb.,  1946 

2.7 

4.3 

4.2 

2.8 

6.4 

4.08 

1.0 

1-3 

June*  1943 

0.6 

0.2 

0.2 

0.4 

0.2 

0.32 

0.6 

Jan.*  1944 

0.5 

0.5 

0.3 

0.3 

0.5 

0.42 

0.5 

Feb.,  1945 

0.9 

1.2 

1.9 

2.6 

2.4 

1.80 

0.7 

Feb.,  1946 

2.7 

2.6 

3.7 

2.8 

4.5 

3.26 

0.7 

Fumigation  in 

August 

1-5 

Feb.,  1945 

1.4 

1.2 

1.5 

2.1 

1.3 

1.50 

0.8 

Feb.,  1946 

1.7 

2.4 

4.1 

1.2 

1.2 

2.12 

6.6 

4-11 

Feb.,  1945 

1.3 

1.1 

1.1 

1.1 

1.3 

1.18 

0.5 

Feb.,  1946 

0.7 

2.5 

1.0 

1.2 

3.6 

1.80 

1.0 

* Commercial  grade  sample 

1 , graded  by 

Chicago  Board 

of  Review 

from 

whole  bin. 


(continued) 
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Table  3 (oontinued) 


Bin  No. 

San5)ling 

date 

Location  of  sample 

C S SW  W Surf.  Mean  Total  damage 

Per  cent  damage#  weight  basis  ave.  sample 

Fumigation  in  September 

3-13 

June>  1943 

0.9 

0.2 

0.1 

0.2 

0.1 

0,30 

0.4 

Jan.#  1944 

0.7 

0.2 

0.2 

0.2 

0.2 

0,30 

1.0 

Feb.,  1945 

0.9 

0.7 

la 

1,4 

1.1 

1.04 

0.8 

Feb.#  1946 

3.4 

3.0 

0.5 

0.8 

1.1 

1.76 

0.8 

4-12 

June*  1943 

0.2 

0.2 

0.2 

0.2 

0.8 

0.32 

0.4 

Jan*#  1944 

0.2 

0.2 

0.1 

0.2 

0.2 

0,18 

0.8 

Feb.,  1946 

2.7 

1.1 

2.9 

1.2 

1,4 

1,86 

1.0 

Feb.#  1946 

2.3 

3.1 

3.8 

0.6 

3,7 

2,70 

1,0 

Fumigation#  August  and  October 

3-12 

June#  1943 

0.2 

0.2 

0.1 

0»1 

0.2 

0.16 

0,7 

Jan. « 1944 

0.2 

0^2 

0.1 

0,3 

0.2 

0.20 

0,7 

Feb . # 1945 

1..0 

0.7 

0.6 

1.1 

1,1 

0.90 

1.0 

Feb.,  1946 

0.4 

0.3 

0.9 

0,5 

0.9 

0.60 

0.8 

1/2-5 

Jan.#  1944 

0 

0 

0 

0.1 

0 

0.02 

0.6 

Feb*#  1945 

0 

0 

0.1 

0 

0 

0.02 

1.0 

Feb.,  1946 

0 

0.8 

0.3 

0 

0 

0.22 

0.5 

4-5 

Jan.#  1944 

0 

0.2 

0 

0 

0.1 

0.06 

0.3 

Feb.,  1945 

0.2 

0.1 

0.1 

0.4 

0 

0.16 

0.4 

Feb,#  1946 

0.5 

0.1 

0.3 

0.5 

0,4 

0.36 

0,4 

Turn#  clean  It  fumigate 

in  September 

3-15 

June#  1943 

0.4 

0.5 

0.2 

0.1 

0.2 

0,28 

0.6 

Jan. # 1944 

0.1 

0.1 

0,2 

0,2 

0.1 

0.14 

1.2 

Feb.#  1945 

0*6 

0.6 

0.7 

0.6 

1.1 

0.70 

0,4 

Feb.#  1946 

0.7 

1.3 

1.6 

1.2 

1,6 

1.28 

1.5 

2740-bushel  bins 

V/hite  walls  and 

roof 

11-9 

June#  1943 

0.2 

0.3 

0.2 

0.1 

0,1 

0.18 

5.0 

Jan.i  1944 

0.4 

0.2 

0.2 

0.2 

0.2 

0.24 

5,0 

Feb.,  1946 

3.3 

4.6 

4.9 

2.4 

9.4 

4.92 

— 

12-8 

June#  1943 

0 

0.4 

0.3 

0.3 

0.2 

0.24 

2.8 

Jan.#  1944 

0.2 

0.3 

0i2 

0,4 

0.2 

0.26 

2.5 

Feb.#  1946 

1.5 

1.0 

1.6 

0.6 

2.0 

1.34 

(continued) 
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Table  3 (continued) 


Bin  No. 

Sampling 

date 

Location  of  san^le 

C S SW  W Surf.  Mean  Total  damage* 

Per  cent  damage,  weight  basis  ave.  5an5>le 

Painted  white  and  grouped 

7-8  (SW 

June*  1943 

0.1 

0.1 

0.2 

0.1 

0.2 

0.14 

1.0 

bin  in 

Jan. > 1944 

0 

0.3 

0.2 

0.4 

0.2 

0.22 

0.5 

group) 

Feb.,  1946 

1.2 

2.3 

1.9 

1.0 

3.2 

1.92 

0.7 

7-9  (NV7 

June,  1943 

0.3 

0.2 

0.2 

0.2 

0.2 

0.22 

0.8 

bin  in 

Jan*  t 1944 

0.2 

0.5 

0.3 

0.2 

0.3 

0.30 

0.6 

group) 

Feb.,  1946 

1.5 

0.5 

0.5 

0.7 

1.4 

0.92 

0.6 

8-7  (SE 

June,  1943 

0.1 

0.2 

0.1 

0.1 

0.2 

0.14 

0.7 

bin  in 

Jan.,  1944 

0.4 

0.2 

0.4 

0.2 

0.1 

0.26 

0.8 

group) 

Feb.,  1946 

0.8 

0.2 

0.5 

0.5 

0.6 

0.48 

0.7 

8-8  (NE 

June,  1943 

0.2 

0.1 

0.3 

0.1 

0.2 

0.18 

0.5 

bin  in 

Jan. , 1944 

0.2 

0.3 

0.3 

0.4 

0.3 

0.30 

0.6 

group) 

Feb.,  1946 

0.2 

0.8 

0.7 

0.2 

1.5 

0.68 

.1.0 

Fumigation  in  August 

7-7 

Apr.,  1944 

0.1 

0.2 

0.1 

0.1 

0 

0.10 

0.4 

Feb.,  1946 

0.4 

0.7 

0.4 

0.8 

0.7 

0.60 

— 

8-E 

Apr.,  1944 

0 

0 

0 

0 

0.1 

0.02 

0.4 

Feb,,  1946 

0.2 

0.4 

0.2 

0.5 

0.6 

0.38 

0.4 

8—3 

Apr . , 1944 

0.1 

0 

0 

0 

0 

0.02 

0.5 

Feb.,  1946 

0.5 

0.3 

0.6 

0.7 

0.8 

0.56 

0.4 

8-6 

Apr.,  1944 

0.1 

0.1 

0.1 

0 

0.1 

0.08 

0.3 

Feb.,  1946 

0.7 

0.5 

1.2 

0.2 

0.7 

0,66 

0.3 

Fumigation  in  September 

7-3 

Apr.,  1944 

0.3 

0.2 

0.1 

0.1 

0.2 

0.18 

1.0 

Feb.,  1946 

0.9 

1.5 

1.9 

0.7 

1.4 

1.28 

0.8 

11-10 

June,  1943 

0.3 

0.1 

0.1 

0.1 

0 

0.12 

1.5 

Jan.,  1944 

0.2 

0.2 

0.2 

0.2 

0.2 

0.20 

3.5 

Feb.,  1946 

1.8 

4.6 

1.1 

1.3 

3.5 

2.46 

4.0 

11-11 

June,  1943 

0.3 

0.1 

0.6 

0.2 

0.2 

0.28 

1.2 

Jan. , 1944 

0.6 

0.2 

0.2 

0.2 

0.2 

0.28 

2.4 

Feb,,  1946 

2.4 

0.8 

0.6 

0.3 

0.8 

0,98 

5.0 

Fumigation  in  August  and  October 

9-1 

June,  1943 

0.1 

0.2 

0.1 

0.1 

0.2 

0.12 

0.3 

Jan.,  1944 

0.3 

0.1 

0.1 

0.1 

0.2 

0.16 

0.4 

Feb.,  1946 

0.3 

0.4 

0.5 

0.2 

0.9 

0.42 

0.5 
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Effect  of  Ten5)erature#  Moisture#  and  Dockage  on  the  Survival  and  Repro- 
duction of  the  Red  Flour  Beetle’*' 


In  Report  No.  18  partial  results  were  reported  relative  to  breeding 
experiments  of  the  red  flour  beetle  at  a constant  temperature  of  65* 

These  experiments  were  con^leted  during  the  quarter#  and  data  on  the  per- 
centage of  survival  of  adults  are  summarized  in  table  4.  In  the  9^  mois- 
ture wheat  adult  survival  increases  in  direct  proportion  to  the  amount  of 
dockage  present*.  In  clean  wheat  of  this  moisture  content  there  were  no 
survivors  at  the  end  of  19  weeks  whereas  in  the  wheat  with  the  ^ dockage 
the  survival  was  855$.  In  the  12  and  15^  wheat  the  effect  of  dockage  on 
survival  was  not  so  evident. 

In  table  5 is  given  a record  of  the  eggs  laid  by  10  female  red  flour 
beetles  at  this  temperature  in  flour  of  9#  12#  and  165$  moisture#  over  a 
period  of  12  weeks.  A greater  number  of  eggs  were  laid  in  the  12  and  15^ 
moisture  flour  than  in  the  9fo  moisture  flour<  At  this  teaperature  the 
development  of  the  larval  stage  is  extremely  slow  and  in  the  adult  survival 
test  series  referred  to#  no  pupae  were  recovered  from  any  lot  during  the 
19-week  period  over  which  observations  were  made* 


Table  4.— percentage  of  survival  of  the  red  flour  beetle  in  9#  12#  and  15^ 
moisture  wheat  with  varying  amounts  of  dockage  at  65*  F. 
(Continued  from  Oct •-Dec.  1945  Report). 


Moisture  ccmtent  of  : percentage  survival  after 
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Table  5, — Egg  laying  record  of  10  female  Tribolium  castaneum  over  a 
period  of  12  weeks  at  65*  F, 


Number  eggs  laid  by  10  females  in 


Date 

9fo  moisture  flour  : 

12%  moisture  flour 

; 15^  moisture  flour 

12/21/45 

• 

• 

0 : 

0 

; 7 

i2/2’7/45 

0 : 

5 

; 3 

1/  4 /46 

0 : 

10 

s 6 

1^1/46 

0 : 

6 

5 

I/I8/46 

0 s 

8 

t 5 

1/25/46 

0 : 

9 

: 5 

2/  l/46 

6 : 

11 

J 10 

2/  8/46 

8 ; 

13 

: 13 

2/15/46 

4 : 

14 

: 8 

2/22/46 

10  t 

8 

: 9 

3/  1/46 

14  : 

7 

: 10 

s/  8/46 

32  : 

18 

t 27 

4 

Totals  J 

• 

74  s 

• 

109 

: 107 

« 

• 

The  survival  and  reproduction  of  the  red  flour  beetle  in  a similar 
series  held  at  a constant  temperature  of  75*  F.  was  reported  on>  in 
Report  No,  18  for  a period  of  16  weeks*  Obser'^ations  on  this  series 
have  now  been  completed  and  final  data  are  given  in  table  6*  As  in  the 
series  held  at  65®  F»  the  amount  of  dockage  present  did  not  affect  adult 
survival  except  in  the  9^  moisture  series  where  survival  was  in  direct 
proportion  to  the  amount  of  dockage  present. 

Reproduction  was  not  extensive  at  this  temperature  but  increased 
with  an  increase  in  moisture  content  and  with  an  increase  in  the  amount 
of  dockage  present. 

Egg  laying  records  of  the  red  flour  beetle  and  the  confused  flour 
beetle  at  this  temperature  are  summarised  in  table  7 for  a period  of  24 
weeks  to  show  the  effect  of  changing  the  food  at  weekly  and  monthly 
intervals  on  fecundity.  It  will  be  noted  that  there  was  little  differ- 
ence netween  the  number  of  eggs  laid  by  adult  females  when  the  food  was 
changed  at  weekly  or  monthly  intervals.  However / whai  the  food  was  un- 
changed, a very  much  snffl.ller  number  of  eggs  were  laid  by  both  species* 

The  confused  flour  beetle  adults  laid  on  an  average  nearly  twice 
as  many  eggs  over  the  period  as  the  red  flour  beetle. 
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Table  6 ♦—Percentage  of  survival  of  the  red  flour  beetle  in  9,  12,  and 
15^  moisture  wheat  with  varying  amounts  of  dockage  at  75*  F. 


Moisture  content  of 


Percentage  survival  after  :ToT:al  progeny 


wheat  and  food 

media 

17  weeks 

18  weeks 

19  weeks 

after 

19  weeks 

% lYheat 

4 

j 

I 

Glean  wheat 

0 

0 

0 1 

0 

Same  + 0.5^ 

Dockage 

30 

20 

5 

11 

Same  + 1 • 

65 

65 

65 

9 

Same  + 2 • 0^ 

II 

80 

80 

80 

27 

Same  4^0^ 

tf 

95 

90 

90 

39 

Same  + 8.0^ 

n 

85 

75 

75 

45 

12^  IfVheat 

4 

Clean  wheat 

80 

75  i 65 

17 

Same  + 0,5% 

Dockage 

90 

90 

90 

67 

Same  + 1.0^ 

w 

96 

95 

95  : 

40 

Same  + 2,0% 

II 

95 

95 

95 

79 

Same  + 4*C^ 

It 

80 

80 

80 

66 

Same  + 8.C^ 

" : 90 

90 

80 

95 

15^  IfVheat 

Clean  wheat 

85 

85 

85  : 

24 

Same  + 0«5^ 

Dockage 

95  1 90  j 

90 

» 

70 

Same  ^1,0% 

II 

90  j 90  : 90 

r 

108 

Same  + 2 • 

ti 

90  : 90  J 90 

146 

Same  + ^,0% 

" « 90  1 85 

85 

' 

136 

same  +8*0^ 

" : 95 

90 

90 

157 

: s 

» 

Table  7* — Egg  laying  record  of  10  female  T.  castaneum  and  10  female 
T#  confusum  over  a period  of  24  v/eeks  at  75*  F«  and  46^  R.H* 


Number  eggs  laid  by  10  females  of 


Egg  i 
laying  i 
period 

' 

T 

- 

♦castaneum 

3-  — 

♦ A 

coni*usum 

Food 

changed 

weekly 

:Food  changed 
s every  4 weeks 

Food 

unchanged 

: Food  : 

jchanged ;Food  changed 
rweekly  : every  4 weeks 

Food 

unchanged 

1 

1-12  weeks 

1759 

1561 

783 

• • 

; 2503  I 

2405 

1127 

13th  week  s 192 

159 

106 

: 227  ; 

248 

121 

14th  week 

194 

143 

s 118 

s 271  ; 

259 

150 

loth  week 

144 

112 

94 

J 292  ; 

298 

: 161 

16th  v/eek 

129 

163 

94 

310  i 

331 

175 

17th  week 

73 

X62 

93 

i 312  : 

363 

183 

18th  week 

67 

117 

112 

; 288  ; 

310 

J 175 

19th  week 

80 

93 

: 128 

: 209  : 

296 

182 

20th  week  t 31 

82 

1 96 

* 169  : 

254 

184 

21st  week 

10 

48 

1 111 

; 158  : 

237 

131 

22nd  week 

26 

75 

100 

: 119  i 

193 

< 179 

23rd  week 

10 

46 

80 

: 129  : 

190 

: 161 

24+h  week 

11 

r 

38 

56 

; 113  : 

157 

132 

Totals 

2746 

2799 

i 1971 

: 5100  I 

5541 

3061 

Ave,  per 

• • 

• 9 

female 

274,6 

279.9“ 

1 197.1 

: 510  % 

554.1 

306,1 

• ri- 
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In  another  series  of  tests  with  both  the  red  flour  beetle  and  the  con- 
fused flour  beetle  a constant  temperature  of  95°  F.  was  imintained.  Data 
regarding  the  survival  and  reproduction  of  these  two  species  at  this  temper- 
ature are  given  in  tables  8,  9*  10,  and  11* 

It  will  be  noted  that  this  temperature  is  not  favorable  for  the  survival 
of  either  species.  The  percentage  of  dockage  present  affects  survival  only 
in  the  9^  moisture  series,  an  observation  that  seems  to  hold  true  at  all 
temperatures • 

Up  to  a certain  point  reproduction  increases  with  both  an  increase  in 
moisture  and  an  increase  in  the  amount  of  dockage  present.  Reproduction  is 
rapid  at  this  temperature  and  the  first  pupae  were  recovered  at  the  end  of 
the  third  week. 

Egg  laying  records  of  10  female  red  flour  beetles  for  an  eleven-week 
period  are  given  in  table  12.  It  will  be  noted  that  where  the  food  was 
changed  at  weekly  intervals  egg  oviposit! on  took  place  at  a much  faster 
rate  than  where  it  was  not  changed. 


Table  8.— Percentage  of  survival  of  T.  castaneum  in  9,  12,  and  15^  moisture 
wheat  with  varying  amount s~f  dockage  at  95°  F« 


Moisture  content;  Percent  survival  after 


of  wheat  and 

. — 

2 

; 3 

4 

; 5 

; 6 

r 7 

: 8 

; 9 

; 10 

11 

food  media 

;week  tweeks 

weeks 

weeks 

;weeks 

weeks 

weeks  tweeks 

tweeks 

tweeks 

weeks 

Wheat 

1 1 

• 

• 

. 

; 

9 

; 

; 

Clean  wheat 

15; 

0 

t 

i 

t 

Same + 0.5^  Dock. 

70; 

55 

45 

; 30 

t 25 

; 15 

0 

Same  +1*0^ 

n 

80; 

70 

65 

; 60 

; 55 

50 

30 

20 

10 

10 

10 

Same  + 2 . 

n 

80; 

70 

70 

; 25 

; 25 

20 

15 

15 

; 5 

0 

Same  + 4 . 

It 

95 : 

80 

60 

; 0 

i 

• 

Same  + 8 • 

n 

80: 

75 

75 

55 

55 

55 

55 

55 

: 55 

50 

50 

12^  Wheat 

• 

• 

• 

Clean  wheat 

95; 

90 

70 

40 

15 

15 

15 

10 

5 

5 

5 

Same  + 0.5^  Dock. 

95; 

85 

80 

0 

Same  + 1.05!$ 

ft 

90; 

85 

20 

0 

Same  + 2 , 

It 

85 ; 

55 

15 

0 

; 

Same  + 4.0^ 

ft 

95; 

25 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Same  +8.0^ 

ft 

100: 

90 

10 

10 

10 

10 

10 

10 

10 

10 

10 

15^  Wheat 

• 

• 

Clean  wheat 

100: 

100 

100 

90 

85 

85 

80 

65 

55 

35 

20 

Same  +0.5^  Dock. 

100; 

100 

95 

0 

; 

Same  + 1.0^ 

ft 

100; 

95 

90 

0 

Same  + 2.0^ 

n 

100: 

25 

25 

25 

25 

25 

25 

25 

25^^ 

Same  + 4 . 

w 

100: 

20 

20 

20 

20 

20 

20 

20 

20* 

Same  + 8.C^ 

ft 

100: 

; 

80 

0 

; 

* Started  2 weeks  later  than  rest. 
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Table  9»-*-Weekly  recovery  of  T-  6astaneum  frobi  9»  12,  and  15^  moisture 
wheat  with  Varying  amounts  of  dockage  at  95°  F* 


Moisture  content  : Number  of  pupae  recovered  after ; 

of  wheat  and  ;3rd  ;4th  s5th  ;6th  :7th  :8th  :9th  ;10th:llths 

food  media  ;week  jweek  :week  :week  jweek :week  ;week  sv/eek jweek i Total 


• 

• 

9 

9 

9 

9 

9 

9 

s 

: 

0 

0 

0 

0 

9fo 

: 

i 

i 

9 

9 

i 

ft 

0 

0 

0 

0 

t 

0 

9 

i 

9 

9 

i 

t t 

: 

: 

Clean  wheat 

• 

• 

: 

9 

9 

i 

i 

1 

1 

ft 

ft 

9 

9 

• 

0 

Same  0:>5% 

Dockage: 

• 

i 

2 

1 

7 

9 

9 

4 ; 1 

1 

; 0 

: 

15 

Same  4-  1»0^ 

* 

: 2 

1 

7 

9 

9 

14 

i 

9 

t 

0 : 1 

2 

: 3 

0 

0 

38 

Saino  + 2 • 0^^ 

tt 

• 

1 

s 

15 

t 

19 

• 

f 

6 

: 

6:1:0 

: 1 

9 

0 

48 

Same 

« . 

4 

• 

• 

20 

i 

1 

• 

• 

5 

0 

0 

4 1 2 . 

0 

s 0 

0 

0 

36 

Same  + 8.0^ 

9 

9 

n 

35 

9 

9 

t 

9 

9 

16 

: 

3 

0 

0 

23 

2 : 12 

: 7 

: 

107 

127^  Wheat 

t 

9 

• 

i 

I 

• 

• 

• 

0 

t 

• 

0 

0 

9 

t 

0 

< 

: 

0 

9 

9 

9 

t 

1 

9 

C 

0 

0 

Clean  wheat 

• 

9 

7 

9 

% 

20 

: 

7 

« 

0 

9 

0 

0 

0 

0 : 0 

8 1 

& 

44 

Same  j-  0.^ 

Dockage : 

9 

24 

9 

9 

24 

t 

16 

0 

9 

10 

0 

0 

0 : 0 ; 0 

; 0 

0 

0 

83 

Same  + l-,Ofo 

9 

8 

23 

i 

25 

t 

1 

9 

9 

0 

s 

0 

0 

0 

; 0 

4 

4 

57 

Same  4-  2 . 

n 2 

1 

12 

9 

9 

12 

9 

9 

1 

9 

9 

9 

t 

4 1 0 i 

13 

: 0 

: 

52 

Same  + 4«C^ 

n 2 

9 

• 

1 

9 

9 

14 

9 

9 

76 

9 

9 

X7 

1 17  : 19 

: 16 

t 

160 

Same  -j-  8.C^ 

« • 

3 : 27 

• 

• 

69 

9 

9 

2 

: 

57 

9 

9 

53 

8 

68 

: 28 

? 

313 

t 

t 

t 

: 

i 

9 

9 

$ 

15'%  Wheat 

: 

• 

• 

1 

0 

• 

t 

i 

I 

: 

t 

9 

9 

0 

• 

0 

0 

9 

9 

? 

Clean  wheat 

: 

34 

52 

4 

• 

23 

9 

9 

15 

• 

9 

7 

t 

7 

1 

2 

: 3 

: 

144 

Sa*Ti0  4*  0»5% 

Dockage : 

38 

29 

: 

32 

t 

0 

9 

9 

2 

9 

9 

2 

0 

0 

; 0 

0 

0 

103 

Same  + 1 • 0^ 

• 

27 

28 

t 

16 

9 

9 

0 

t 

2 

9 

0 

0 

0 j 0 

: 0 

0 

0 

73 

Same  + 2«C^ 

w • 

9 

4 t 7 

9 

9 

67 

1 

34 

i 

8 

: 

21  i 6^: 
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137 

Same  + 4»C^ 
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t 

71 

9 

9 

64 

9 

9 

6 

0 

9 

41 

2* 

ft 

ft 

0 

0 

4 

0 
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Same  4-  8«0% 
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9 

9 

73 
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2 
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13 
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: 0 

9 
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: t 

0 

• 

0 

9 

* Started  2 weeks  later  than  rest 
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Table  10* — Percentage  of  survival  of  the  confused  flour  beetle  in  9,  12#  and 
15%  moisture  wheat  with  varying  amounts  of  dockage  at  95®  F. 


Moisuure  content 

Percent  survival 

after 

of  wheat  and 

1 

2 

3 

4 

5 

6 

'/ 

b 

9 

iO 

il 

food  media 

week 

weeks 

sweeks 

weeks 

weeks 

weeks 

weeks 

weeks 

weeks 

weeks 

weeks 

Ifheat 

Clean  wheat 

25 

0 

.Sarte  + 0.5^  Dock* 

70 

70 

70 

50 

10 

0 

de.TT.e  +1-0^ 

t! 

75 

75 

75 

75 

65 

35 

15 

10 

0 

S ame  4’  2 * C% 

n 

75 

75 

75 

75 

50 

25 

0 

Sane  + 4 , 

ti 

40 

40 

40 

40 

35 

30 

25 

25 

15 

15 

15 

Sane  + 8 . 

« 

100 

95 

80 

80 

70 

65 

50 

50 

45* 

12^  y/heat 

; 

Clean  wheat 

95 

75 

75 

45 

10 

10 

5 

5 

5 

5 

0 

Same  + 0^5^  Dock* 

85 

80 

80 

45 

40 

30 

25 

25 

20 

20 

20 

Same  + 1.0^ 

n 

1 

85 

8j5 

85 

20 

20 

20 

. 20 

15 

10 

10 

10 

Same  + 2 .C^ 

95 

95 

95 

0 

: 

Same  + 4.05^ 

« 

tlOO 

100 

25 

0 

• 

Sane  + 8, 

" : 85 

85 

70 

0 

4 

15^  IVheat 

i 

• 

• 

Clean  wheat 

100 

100 

100 

100 

100 

80 

65 

60 

40 

35 

35 

Same  +0,5^  Dock* 

100 

30 

30 

30 

30 

25 

25 

25 

20 

15 

5 

Same  +1-0^ 

u 

100 

100 

95 

95 

95 

90 

80 

65 

30* 

Same  •{■  2 . 

n 

85 

60 

60 

60 

60 

60 

55 

55 

55* 

Same  >4.0^ 

n 

95 

70 

70 

60 

55 

55 

55 

55 

50* 

Same  + 8 • C% 

n 

95 

90 

0 

0 

1 

4 

4 

* Started  2 weeks  later  than  rest 
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Table  11#— Weekly  Recovery  of  T*  confusum  from  9#  12,  and  15^  moisture 
wheat  with  varying  amounts  ol*  dockage  at  95°  F* 


Moisture  content 

• 

Number 

pupae 

recovered 

after 

of  wheat  and 

:3rd 

s 4th 

s 5th; 

6th  J 

7th 

8th: 

9th; 

XOth 

11th 

food  media 

jweekiweek 

:week  :weeki 

.week 

week  ;week  :week 

week 

Total 

^ Wheat 

• 

• 

• 

• 

« 

• 

• 

• 

# 

: 

• 

• 

• 

• 

: 

0 

0 

0 

Clean  wheat 

: 00 

: 0 

: 0 

; 

• 

• 

8 

0 

Same  + 0»b% 

Doclw  0 

: 1 

j 8 

: 

0 : 10 

7 1 

1 8 

0 

0 

27 

Same  l,Ofo 

« 

; 0 

; 5 

: 25 

• 

• 

20  . 

13 

28  8 

5 8 

2 

3 

101 

Same  + 2«C^ 

ti 

: 0 

: 3 

; 23 

24  : 23 

4 ; 

3 8 

2 

1 

83 

Same  + 4.C^ 

u 

: 0 

: 2 

: 49 

• 

• 

22 

18 

7 : 

5 ; 

5 

7 

115 

Same  <¥  8.0^ 

n 

j 0 

: 60 

: 

» 

• 

;125 

• 

• 

49 

21 

30  8 

22*t 

307 

IB^  Wheat 
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• 

: 

: 

t 

: 

t 
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0 

0 

t 
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0 

Clean  wheat 

: 3 

5 1 

: 12 
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18 

3 

1 8 

0 8 

0 

1 8 39 

Same  + 0*5% 

Docks 

: 30 

; 36 

; 19 

• 

f 

3 
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4 8 

4 8 

0 

0 8 103 

Same  + 1*0% 

tt 

: 43 

: 33 

; 37 
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7 
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7 8 

9 8 

13 
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Same  + 2 • 0% 
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; 17 

s 20 
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w 

: 4 

; 3 

: 1 
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Table  12.— Egg  laying  record  of  10  feinale  Tribolium  oastaneum  during 
11-week  period  at  95®  F*  Moisture  content  of  flour  12^« 


: Number  eggs 

laid  by  10  females 

Date 

; Food  changed  weekly 

• 

Food  unchanged 

1-17-46 

• 

• 

i 18 

• 

• 

: 

25 

1-21-46 

: 184 

« 

• 

137 

1-23-46 

1-25-46 

1- 29-46 

2-  1-46 

2-  6-46 

2-  8-46 
2-13-46 
2-15-46 
2-18-46 
2-22-46 

2- 26-46 

3-  1-46 

3-  5-46 

3-88-46 
3-12-46 
3-15-46 
3-19-46 
3-22-46 
3-26-46 
3-29-46 

Totals 


191 

120 

304 

174 

248 

73 

84 

30 

62 

13 

47 

72 

34 

64 

7 

8 
6 
3 
0 
0 

1742 


116 

63 
122 
138 
130 

70 

75 

48 

64 
57 
42 

8 

15 

18 

0 

0 

0 

0 

0 

0 
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